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Objective: To study the development of Physocephalus dromedarii (P. dromedarii) in
the ﬁnal host.
Methods: For this, 5 adult dromedaries were orally infected with third larval stages of
P. dromedarii obtained from naturally infected scarab beetles (Scarabaeus cristatus). The
camels were necropsied 14, 42, 70, 84 and 280 days after infection and their abomasi
were examined for the presence of nematodes.
Results: Early 4th stage larva occurred already 2 weeks after infection. They were still in
the sheet of the 3rd stage larva. Six weeks after infection, the nematodes became juvenile
male and female adults measuring 9 and 10 mm, respectively. Their size doubled at 10
weeks post infection and patency was reached at 12 weeks. P. dromedarii was still
present in the camel that was examined 40 weeks after infection.
Conclusions: As a result of experimental infection of the natural host, the determined
prepatent period of P. dromedarii equalled 12 weeks.1. Introduction
Nematodes of the genus Physocephalus in dromedaries were
reported for the ﬁrst time from Algeria [1] and Turkmenistan [2] in
1912 and 1924, respectively. In his thesis, Badanin [3] drew
attention that Physocephalus specimens found in the abomasi of
dromedaries in Turkmenistan differ from those in pigs in larger
dimensions and marked swelling in the midbody of females.
These features in connection with a different intermediate host
spectrum and bigger measurements of 3rd stage larvae found in
scarab beetles were reasons to divide Physocephalus sexalatus
(P. sexalatus) into two subspecies, Physocephalus sexalatus
sexalatus found in pigs and Physocephalus sexalatus dromedarii
occurring in dromedaries [4]. The ﬁrst cases of Physocephalusinfection of dromedaries in Dubai were diagnosed in July 2011
and October 2012. Both positive animals originated from a
camel dairy farm that previously had imported dromedaries
from abroad. A closer look at these parasites revealed further
peculiarities that allowed upgrading the former subspecies to
species level [5]. Both P. sexalatus from pigs and Physocephalus
dromedarii (P. dromedarii) from camels are characterized by two
trilobed lateral lips followed by a cylindrical pharynx supported
by spirally arranged rings (Figure 1). The oesophagus is sub-
divided by a shorter muscular and a much longer glandular part. A
cuticular inﬂation on the anterior end bearing the ﬁrst lateral cer-
vical papilla (derid) is followed by 3 pairs of lateral alae (Figure 2).
A second lateral papilla, erroneously described in former de-
scriptions as excretory pore, is embedded in the anterior median
lateral wing at the opposite site. The excretory pore can be found
slightly posterior of the latter on the ventral surface. Posterior ends
of males are spirally corkscrew-like twisted. Caudal alae are sup-
ported by stalked precloacal papillae. Spicules are of unequal length
(Figure 3). P. dromedarii differ from P. sexalatus by larger total
dimensions and a striking swelling in the midbody of the female.
Male specimens of P. dromedarii are characterized by longer
spicules, a higher number of precloacal ridges and postcloacal
papillae [5]. In a previous paper [6], we described the 3rd larval stage
obtained from intermediate and paratenic hosts. The aim of thisicle under the CC BY-NC-ND license (http://
Figure 1. Anterior end of P. dromedarii.
a: Pharynx; b, f: Asymmetrical lateral cervical papillae; c: Cuticular inﬂa-
tion; d: Nerve ring; e: Muscular oesophagus; g: Lateral alae; h: Glandular
oesophagus.
Figure 2. Cross section through the anterior ends of adult P. dromedarii at
the level of the muscular oesophagus (centre) showing three pairs of lateral
alae on each side.
Figure 3. Posterior end of a male P. dromedarii with spicules of unequal
length (a, b).
Caudal alae are supported by stalked papillae (c).
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dromedaries after experimental infection.
2. Materials and methods
2.1. Isolation of infective larvae and experimental
infection
In connection with a survey on possible intermediate hosts of
P. dromedarii, large scarab beetles (Scarabaeus cristatus) were
collected in the desert of the Dubai Emirate in spring 2014 and
were examined for the presence of nematode larvae. For this, the
body of each individual beetle was opened with scissors and was
submerged for 20 min in 50 mL of 38 C warm artiﬁcial gastric
juice on a magnet stirrer. Chitinous parts of the body were
removed and the remaining liquid was poured in a Petri dish and
examined for the presence of nematode larvae under a stereo-
scopic microscope. In order to determine their numbers, larvae
were concentrated in the centre by gently swaying the Petri dish. In
case of high numbers, all larvae were transferred into 15 mL
centrifuge tubes and after 5 min of sedimentation time the su-
pernatant was discharged. Depending on semi-quantitative esti-
mation of larval numbers, we reﬁlled the tube up to 2, 3, 5 or 10mL
with phosphate buffer solution. After vigorous mixing, an aliquot
of 100 mL larval suspension was extracted and placed on a glass
slide. Larvae were counted and multiplied by the corresponding
dilution factor (20, 30, 50 or 100). Isolated 3rd stage larvae were
used to infect ﬁve adult dromedaries. Larval suspensions in dos-
ages between 10 000 and 20 000 were orally inoculated.
2.2. Necropsy and reisolation of nematodes
The infection was terminated 14, 42, 70, 84 and 280 days
post infection (dpi) and dromedaries were necropsied. After
removal from the carcass, the abomasum was opened and put
into a bucket containing 5 L of 40 C warm normal saline and
folds of the mucosa were vigorously scraped with a spoon to
remove all hidden nematodes from abomasal folds. After 30 min
of sedimentation time, the supernatant was discharged and the
bucket was reﬁlled. This procedure was repeated until the su-
pernatant became clear. After vigorous stirring, a 20% aliquot
was selected for counting the parasite burden. For this, the
sediment was transferred into a Petri dish and was examined
under the stereoscopic microscope. Isolated nematodes were
ﬁxed in hot (70 C) 10% neutral formalin. Each 10 larvae, male
and female worms were cleared in 30% lactic acid and were
studied under the microscope (Olympus BX51) connected to a
digital camera (Olympus DP71). Measurements of total length,
length of pharynx, muscular and glandular oesophagus, distance
of the cervical papillae, the nerve ring and the excretory pore to
the anterior end and length of the spicules in males were taken
by the aid of cellSens Dimension software.
3. Results
3.1. 3rd larval stage
While 2nd stage larvae present in some of the beetles were
destroyed during artiﬁcial digestion. 3rd stage larvae remained
viable and were quickly moving in the warm digestion ﬂuid.
They coiled spirally after the liquid was cooled (Figure 4). All
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acterized by the possession of cylindrical pharynx and a poste-
rior end covered with minute spines [6].Figure 5. Fourth stage larva of P. dromedarii, anterior end.
The wall of the pharynx (a) is ribbed, consisting of ring-like structures.
Nerve ring (b) and excretory porus (c) are situated at the level of the
muscular oesophagus.
Figure 4. Third stage larva of P. dromedarii.
Contrary to later development stages, the pharynx is a simple straight tube
(a) and the posterior end is covered with minute spines (b).3.2. 4th larval stage
In the camel (camel A) necropsied 14 dpi (142 larvae), most of
them in their 4th stage were recovered (Tables 1 and 2). These
larvae were still surrounded by the sheet of the previous larval
stage but showed already the typical for Physocephalus pharynx
consisting of ring-like structures (Figure 5). The knoblike poste-
rior end of the larval sheet was covered with minute spikes being
characteristic for the 3rd larval stage (Figure 6). The distinctive
inﬂation on the anterior end is not yet developed. Measuring
3.7mm, the average total length hadmore than doubled compared
to the original 3rd stage larva. Single 3rd stage larvae with a cy-
lindrical pharynx were still present 2 weeks after infection.Table 1
Experimental infection of dromedaries with P. dromedarii.
Camel Infection
doses
Necropsy
(dpi)
Recovered nematodes Sex ratio Infection
rate
Males Females Total M/F
A 10 000 14 – – 142a – 1.4
B 18 000 42 2 510 3 580 6 090 0.70:1 33.8
C 10 000 70 440 510 950 0.86:1 9.5
D 10 000 84 200 650 850 0.31:1 6.5
E 20 000 280 990 1 220 2 210 0.81:1 11.1
a: Two weeks p.i. only larval stages were present.
Table 2
Morphometrical data of larvae, male and female P. dromedarii of different a
Stages Length N
pharyn
Total Pharynx Muscular
oesophagus
Glandular
oesophagus
Larva L3b 1 636 97 101 537
Larva L4 14 days 3 715 155 161 971
Females 42 days 10 086 247 264 1 884
70 days 20 150 329 350 2 804
Males 84 days 26 420 350 379 3 396
42 days 8 839 243 245 1 751
70 days 13 507 270 273 2 293
84 days 15 619 295 300 2 547
Average data in mm except for a, b measurements of third stage larvae isola
Figure 6. Fourth stage larva of P. dromedarii, anterior end.
At 14 dpi, most of the fourth stage larvae were still covered by the sheet of
the previous stage recognizable by minute spines (a).3.3. Juvenile nematodes (42 days old)
Juvenile 42 days old females were only slightly larger than
males (10.1 versus 8.8 mm) (camel B) and showed also similar
sizes in other parameters. At a closer look, a large number of thege.
o. of
geal ringsa
Distance from anterior end Short
spicule
Long
spicule
Cervical
papilla 1
Cervical
papilla 2
Nerve
ring
Excretory
pore
no not given not given 139 158 – –
24 127 248 215 254 – –
22 192 378 350 384 – –
20 263 515 439 520 – –
21 271 555 477 559 – –
23 180 365 332 370 445 2 509
23 218 107 339 415 449 2 327
22 225 456 386 481 432 2 620
ted from Scarabaeus cristatus [6].
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this case, males had the same shape as females and could only be
distinguished by the presence of spicules. These spicules
reached already the size of adult nematodes but were of incon-
spicuous colouration and difﬁcult to recognize (Figure 7). Also,
the caudal alae of the males were not fully developed. The uterus
of females did not contain eggs.Figure 7. Juvenile male P. dromedarii 42 dpi in the sheet of the fourth
stage larva (a).
The two spicules of unequal length (b, c) reach the measurements of the
adult worm but are pale, transparent and not easy to recognize.
Figure 9. The swelling of the midbody of a 84 days old female
P. dromedarii caused by loops of the anterior and posterior uterine horns.3.4. Preadult nematodes (70 days old)
Considerable differences were seen between males and fe-
males in 70 days old preadult nematodes measuring 13.5 and
20.1 mm in length, respectively (camel C). The cuticular inﬂation
at the anterior end in both sexes became noticeable but was less
prominent in comparison to later stages. The uterus of the females
started to ﬁll up with eggs but the terminal part was still empty
(Figure 8) indicating the prepatent status of this stage. Also, the
typical swelling of the female adult worm in the midbody was
absent. In preadult males that had nearly reached the ﬁnal size,
the posterior end became spirally corkscrew-like twisted.Figure 8. Preadult female P. dromedarii 70 dpi.
The uterus started to ﬁll up with eggs but the terminal part is still empty.3.5. Adult nematodes
Camel D necropsied 84 dpi harboured 200 male and 650
female nematodes reaching a size given in the literature [5] and
showing a prominent cuticular inﬂation at the anterior end
resembling an arrow head. Asymmetrical deirids and lateral
alae are distinctive. Female specimens with a total length of
24–28.2 mm showed a 2 mm long swelling in the midbody
caused by uterine loops ﬁlled with eggs and the thickened
distal part of the uterus (Figure 9). Their average size of
26.4 mm was considerably longer than in 10 week old females.
In contrast, male nematodes at 12 weeks p.i. were only slightly
longer, measuring 15.6 mm. No further growth was seen in male
and female nematodes obtained from camel E necropsied 40
weeks p.i. Their average length amounted to 15.6 and 25.7 mm,
respectively.4. Discussion
Nematodes of the genus Physocephalus were mentioned in
papers on the helminth fauna of dromedaries in Algeria [1,7],
Kuwait [8], Iraq [9], Iran [10,11], Turkmenistan [2–4,12,13] and
Uzbekistan [14]. Since Physocephalus eggs are small and cannot
be determined with routine coproscopical procedures, diagnosis
is based on ﬁndings of adult worms at necropsy. Contrary to
Haemonchus contortus and Haemonchus longestipes, which are
easily recognized by the red colour of their intestinal tube, pale
pink specimens of P. dromedarii are less conspicuous and might
be overlooked although this species has a size comparable to
Haemonchus species. For this reason, it is suspected that
P. dromedarii has a much wider geographical distribution and is
more frequent in camel populations.
Dromedaries are the main host for P. dromedarii but equids
also may become infected. Thus, “P. sexalatus” was found in
donkeys in Uzbekistan [15] but the description of the nematodes
matched rather with P. dromedarii.
Scarab beetles are the main intermediate hosts for Phys-
ocephalus spp. and terrestrial vertebrates can be involved in the
life cycle as paratenic hosts.
For the development of Physocephalus spp. in ﬁnal hosts
only very few data are available. In guinea pigs that were used as
experimental hosts in studies of the life cycle of Physocephalus
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and only few underwent further development but failed to
become adult [16].
In rabbits and pigs, a ﬁrst molt occurred 12–15 dpi. At this
stage, the 4th stage larva measured 3.5–4.0 mm, the originally
cylindrical pharynx became a structure of parallel arranged rings
and the spines at the posterior end of the larva disappeared [16].
Our results conﬁrmed these observations. A further molt was
observed in rabbits and pigs between 23 and 25 dpi. When the
nematodes reached a length of 6.8–8.2 mm, and 4 weeks later,
on Day 42, lateral wings were present in both sexes and
caudal alae and spicules were seen in males. Fully developed
eggs containing the 1st larval stage were observed in females
at 83 dpi [16]. Our results obtained in camels suggest that the
passage from 4th stage larva to juvenile adults in camels takes
place later because 42 days old nematodes just reached half of
their ﬁnal size and a large number were still covered by the
larval sheet of the 4th larval stage. Our data showed that
females at 70 dpi are already fertilized but the terminal part of
the uterus did not contain eggs. It can be concluded that the
prepatent period of P. dromedarii lasts longer than 10 weeks
but is completed in 12 weeks.
Some details on the development of P. sexalatus were re-
ported in its ﬁnal host, the pig [17]. First changes of the larva
were 2 weeks after infection when the originally cylindrically
shaped pharynx becomes a structure consisting of 18 parallel
arranged rings and the “stinkweed” kind of posterior end
becomes a tail cap covered with minute spines. The whole
development of P. sexalatus in the stomach of the pig is
completed within 10–12 weeks but some specimens obtain
sexual maturity already 6–7 weeks after infection.
It was assumed that camels become infected via drinking water
that contains larval stages that had escaped from drowned beetles
[12]. Our experience showed that under desert conditions camels
ingest scarab beetles or freshly dead paratenic hosts (reptiles,
birds and rodents). The infection rate in our experimental
infections ranged between 1.4% and 33.8%. The low number of
recovered larvae 2 weeks after infection might be due to the
small size of the stages. It is also possible that not all larvae had
reached the abomasum.
The presence of P. dromedarii in the camel that was
dissected 40 weeks after infection showed that this species has a
long life span which is necessary because adult scarab beetles
are available only during a limited time period, in spring and
summer.
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